Dot blots of dsRNA from European and American hypovirulent (H) strains of the chestnut blight fungus, Endothia parasitica, were hybridized with 32p-5'-end-labelled fragments of denatured dsRNA of French, Italian and American origins. Although dsRNA from European or American strains reacted well with labelled RNA probes from strains from the same continent there was little or no cross-hybridization between RNA from strains from different continents.
mixture was homogenized in a Braun model MSK cell homogenizer for 90 s using 30 g of glass beads. The homogenate was made 1 ~ in SDS and emulsified with an equal volume of a mixture of distilled phenol (saturated with 0.1 M-Tris-HC1 pH 8.0, and containing 0.1 ~ hydroxyquinoline) : chloroform : isoamyl alcohol (25 : 24 : 1, by vol.). After centrifugation at 10 000 g for 30 min, the aqueous phase was re-extracted with an equal volume of chloroform : isoamyl alcohol (24 : 1). Total nucleic acid (TNA) was precipitated by the addition of 2.5 vol. 95~o ethanol to the final aqueous phase and kept at -20 °C overnight. The dsRNA was purified from TNA by selective precipitation in 4 M-LiC1 (Diaz-Ruiz & Kaper, 1978) followed by chromatography on cellulose CF-11 (Morris & Dodds, 1979) . Although the yields of dsRNA varied, H strains of European origin generally contained more dsRNA than those of American origin. The highest yield (180 ~tg dsRNA/g of lyophilized mycelium) was obtained from the French-derived H strain EP 713 and the lowest (16 ~tg dsRNA) was from the American H strain EP 868. For preparation of hybridization probes, the dsRNA was further purified by centrifugation in linear-log density gradients (Brakke & Van Pelt, 1970) , and partially hydrolysed using deionized formamide at 100 °C (Negruk et al., 1980) . The denatured dsRNA fragments were labelled to a specific activity of 106 c.p.m./p.g with [~32p]ATP using polynucleotide kinase (Maniatis et al., 1982; Jordan & Dodds, 1983) . Dot blot hybridization was as described by Garger et al. (1983) using samples of 2 Ixl spotted directly onto dry nitrocellulose filters. The filters were autoradiographed for 16 to 48 h at -80 °C using Kodak XAR-5 X-ray film and Dupont Cronex Lightning Plus intensifying screens.
Electrophoretic analyses of dsRNA of French origin (EP 713), revealed four major bands (Fig. 1, lane 3) . The mol. wt. of these dsRNA components were estimated previously (Dodds, 1980a) to be 4-6, 5-0, 5.9 and 6.2, all x 106. The dsRNA of Italian origin showed either one major band and two intermediate ones (lanes 4 and 8) or two major bands (lane 5). The dsRNA from American H strains was resolved into a single major band and several minor bands (lanes 6 and 7). The mobilities of the slowest migrating bands in dsRNA of European origin were the same and were slightly less than that of dsRNA from American H strains.
The interrelationships among dsRNAs from European and American hypovirulent strains were determined by the dot blot hybridization technique. Denatured TNA or dsRNA from French, Italian and American sources as well as TNA from the dsRNA-free V strain was spotted on nitrocellulose filters and probed with 32p-labelled fragments of denatured dsRNA from the French-derived H strain EP 713. The results (Fig. 2a) indicated that this probe hybridized with TNA or dsRNA from the same fungal strain (EP 713) as well as with dsRNA of Italian origin (H strains EP 747 and 780), but not with dsRNA from three American H strains (EP 915, 844 and 868) or with TNA from the V strain EP 155. This hybridization pattern was reproduced when comparable filters were probed with 32p-labelled RNA fragments prepared from dsRNA of Italian origin, EP 779 (data not shown).
The 32 P-labelled RNA probe prepared from dsRNA of American origin (EP 915) hybridized strongly with dsRNA from three American H strains (EP 844, 868 and 915). However, little or no hybridization was detected with dsRNA from four European H strains or TNA from the V . The dotted samples were as follows: row 1, TNA from the dsRNA-free strain EP 155; rows 2 and 3, TNA and dsRNA, respectively, from the French-derived H strain EP 713; rows 4 and 5, dsRNA from Italian-derived H strains EP 747 and 780, respectively; rows 6, 7 and 8, dsRNA from American-derived H strains EP 915, 844 and 868, respectively. TNA was spotted in six dots in decreasing quantities (from left to right): 20, 10, 4, 2, 1 and 0.4 ~tg; dsRNAs were spotted in six dots in quantities of 500, 50, 10, 5, 2.5, and 1 ng.
strain EP 155 (Fig. 2b) . This hybridization pattern was reproduced when labelled R N A probe from the A m e r i c a n strain EP 868 was used. The very low level of background reaction observed with T N A from the V strain using the A m e r i c a n probes (Fig. 2b, row 1 ) was not detected with the French R N A probe (Fig. 2a) . This is presumed to be due to c o n t a m i n a t i o n of the A m e r i c a n probes with trace amounts of cellular R N A . The intensity of the heterologous reaction between the A m e r i c a n probes and d s R N A of European origin was equal to or lower than the reaction with homologous R N A diluted 1/200 (Fig. 2b) .
¢
These results provide the first direct evidence that d s R N A s from E u r o p e a n H strains have sequences distinct from those of d s R N A s from A m e r i c a n H strains. This is not surprising in view of the known differences between these strains in phenotype and dsRNA electrophoretic patterns (Anagnostakis, 1982) . The lack of cross-hybridization between dsRNA from European and American H strains suggests that they represent distinct virus-like agents rather than strains of the same agent. The dsRNAs from H strains from the same continent, on the other hand, were clearly closely related despite coming from widely separated locations, e.g. Michigan and Virginia. However, since the number of strains of either American or European origin examined so far is small, it is possible that H strains whose dsRNAs are unrelated may still be found in any one continent.
Even though the dsRNA of European origin showed three distinct electrophoretic banding patterns (Fig. 1) , they exhibited significant sequence homology in the dot blot hybridization assay. This finding re-emphasizes that banding patterns should not be relied upon for studying interrelationships among dsRNAs (Van Alfen, 1982) . The relatedness of dsRNA components present in an individual H strain has not yet been determined. It is not understood whether the multiple components of dsRNA within a single H strain represent a segmented genome of a single virus or a mixed infection with two or more viruses. Also, the possibility that only one dsRNA component is essential for replication and the others are satellites or deletion mutants cannot be ruled out. These interrelationships need to be investigated.
As information is gained on the molecular biology of dsRNA from various sources it may become desirable for the purpose of biological control to combine dsRNA of different origins in a single fungal strain. The lack of homology between dsRNA from European and American H strains suggests that these dsRNAs will not interfere with or exclude each other.
